As public debt is an important factor influencing most countries' economies, the debt management seems to be crucial for the economy. Risk identification and minimizing is considered to be the most important aim of the debt management process, especially during economic slowdowns or crises. The main goal of the article is to assess the term structure and the level of refinancing risk in the in the Economic and Monetary Union (EMU) as a whole and in chosen EMU member states in particular. Refinancing risk is affected by the term structure of public debt. To monitor the level of this type of risk, not only the original maturity should be taken into account, but the residual maturity as well. Since the beginning of changes on the markets caused by the crisis, the volume of short-term public liabilities in the EMU countries has increased significantly, as well as the value of "debt to GDP" ratio. This could contribute to the overall increase in the level of refinancing risk. High share of short-term instruments in the structure of public debt in some EMU member states can cause problems with liquidity and solvency of their budgets. However, as an average, long-term instruments were mostly used to cover the financial needs of public sector in the EMU.
Introduction
The article discusses the issue of the refinancing risk in the process of public debt management. Monitoring and minimizing the level of this type of risk is especially important during an economic slowdown or crisis periods. High volumes of public borrowing in the euro area makes it necessary to monitor the level of the refinancing risk. Problems with the repayment of the public debt can lead to countries' insolvency. The main goal of the article is to assess the term structure and the level of refinancing risk in the in the Economic and Monetary Union (EMU) as a whole and in chosen EMU member states in particular. The empirical analyses of the whole EMU area as well as the chosen EMU member states were prepared. Those analyses are generally based on data derived from Eurostat and European Central Bank. The research period covers the years 1999-2010. Both quantitative and qualitative methods are used in the article.
The problem of risk in the process of public debt management
The public debt portfolio is usually the largest financial portfolio in a country. It frequently includes complex and risky financial structures, so it can expose the state's financial stability to a considerable risk. Huge and inappropriately constructed debt portfolios make governments vulnerable to economic and financial shocks and in many cases they are the main source of economic crises in the economy 1 .
Debt management must be approached actively to protect the budget against possible losses and provide the liquidity and solvency. Borrowing for the public authorities is a decision depending on the pursued policy, and the policy is largely based on country's economic situation as well as market players' judgments and opinions 2 . It is important to remember that the estimated levels of costs and risks should not be exceeded 3 . Risk minimization is perceived as an integral element of managing public debt 4 . Because of the variety of risks faced by a public borrower (refinancing risk, liquidity risk, settlement risk, interest rate risk, etc.
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) it is recommended that the risks should be assessed, monitored and minimized by countries' specialist government agencies 6 or departments of ministries competent in the area of finance. In a growing number of cases, artificial intelligence methods (neural networks and genetic algorithms) are employed to reduce risk associated with issuing and redeeming Treasury debt 7 . Briefly speaking, the discussions of the ways of reducing risk that are presented in the literature 8 , recommend: minimising the debt service costs, expanding the market for Treasury securities, stretching the debt maturity periods or using diverse instruments to make debt management more flexible. All the tasks should be carried out concurrently, but attainment of the assumed goals is very difficult.
Measuring the refinancing risk
Refinancing risk (rollover risk) seems to be one of the most important factors influencing the process of the public debt management. It refers to problems that may appear once the floated debt has to be redeemed. The prerequisite for redeeming debt is availability of an adequate amount of funds and the most typical source of funds is new public borrowing. This leads to rolling over the public debt. This mechanism is common in most countries. Rollover risk appears when new debt has to be floated on terms that are very unfavourable to the state or -even worse -when it cannot be contracted at all. Debt incurred on unfavourable terms that actually come down to high debt servicing costs is comparable with interest rate risk being part of market risk. However, when debt cannot be rolled over or when it entails very high interest rates and an unfavourable maturity structure, then the state is exposed to financial crisis. The ramifications go far beyond the additional costs that the budget will have to pay. The huge scale of the phenomenon impacts not only the budget itself, but also the entire economy, including its real sphere, thus influencing the country's economic development. Therefore, the problem extends beyond purely financial effects on the budget and its consequences are much more The maturity of public debt is very important from the perspective of managing the public debt portfolio. Debt maturity structure has an enormous impact on costs of public debt service.
It also affects further issues of debt securities that are used to gain funds to repurchase the maturing liabilities. The term structure of public debt can be assessed by the criterion of the original or residual maturity. The first one informs about the length of the period for which the securities were initially issued. The second one defines the length of real time remaining to repurchase. In this way, medium or long-term bonds, which should be redeemed in the next 12 months or less, will be treated as short-term securities, regardless their original duration.
Refinancing risk is the lower, the longer the period to maturity is. Maturity measures applying to debt instruments have been known for a long time and they are broadly discussed in the literature of the subject 12 . The literature offers a whole range of theoretical models for measuring maturity of debt securities 13 . There are both simple and very sophisticated theoretical models for assessing refinancing risk. However, because of their construction or the way they approach variables not all of them have found practical application. A synthetic measure of refinancing risk is so-called average time to maturity (ATM). It is the average number of years after which the issued debt will have to be redeemed. Long periods to maturity expose to lower refinancing risk (because the need to raise funds to repay earlier debts is relatively less frequent).
Hence, high ATM values stand for relatively low refinancing risk. The aforementioned ATM is an example of a refinancing risk measure that has been used in practice 14 .
Public debt in the EMU Countries
Official statistics of the EMU, provided by the Eurostat, were used for international comparisons. Due to different political systems of individual countries (unitary countries, federal states), the total values of public debt were taken into account (not just central government debt). Limiting the comparative analyses to the value of the Treasury debt could largely distort the real volume of the whole public debt of federal countries. The value of the public debt to GDP ratio in the EMU countries in the 3 rd quarter of 2010 is shown in Figure 1 .
It is worth mentioning that the biggest problems with the values of public debt were noted in the "old" European Union countries (the "15-countries"), belonging to the euro area: Greece, debt. It should be noted that the situation with regard to public debt of EMU member states has deteriorated significantly in recent years, which is related to the global economic slowdown (crisis). This does not mean that all EMU countries fulfilled the debt limit in the past. Details are presented in Figure 2 .
Analysis of the data contained in Figure 2 clearly indicates that the period of economic development has allowed the EMU countries (a well as the EU member states) to reduce the average value of public debt to GDP ratio. After the "explosion" of the crisis, this trend was reversed. That was the result of rising budget deficits in European countries, due to an increase in budgetary expenditure (anti-crisis programs, increased social spending, etc.).
Average time to maturity of public debt in the EMU
The value of ATM index shows the average number of years after which the debt will have to be redeemed. Longer time to maturity means lower level of refinancing risk. The average time to maturity in the whole EMU is shown in Figure 3 . Accordingly, the refinancing risk of the debt exhibits a downward trend. On the other hand, the average terms to maturity are short enough to declare that there is no real threat of transferring the debt on future generations. That should be assessed positively. ATM is a synthetic indicator, which is affected by the maturity structure of public debt the particular countries within the euro zone. This structure will be analyzed in detail further in this article.
Original VS. residual maturity of the PUBLIC debt in the EMU
The necessity to finance budget deficits in the EMU member states resulted in the increase of public debts. In addition, the "new" debt was largely short-term. That affected the negative assessment of the level of refinancing risk in public debt management. The scale of the usage short-term debt instruments (with maturities up to 1 year) in EMU countries is presented in Figure 4 . Prior to the financial crisis, short-term instruments were used on a relatively small scale.
Small increase of the volume of short-term debt (in the "pre-crisis" period) was partly covered by the increase in GDP. That is why the value of "short-term debt to GDP" ratio had been fluctuating but not raising. Since the beginning of changes on the markets caused by the crisis, the volume of short-term liabilities increased significantly, as well as the value of "short-term debt to GDP" ratio. It means that public authorities of the EMU countries (as an average) have begun to use these instruments on a much larger scale to maintain the liquidity of their budgets.
This could contribute to the overall increase in the level of refinancing risk and -indirectlydeteriorations of interest rate risk of public debt in the EMU countries. However, the short-term instruments have been used in the EMU much less frequently than the long-term instruments.
It is shown in Figure 5 .
The share of short-term instruments in the total volume of public debt (by original maturity) was low. In the years 1999-2007 it was around 10-12%. The financial crisis resulted in an increase of share of these instruments in the debt structure of the General Government to near 14-16%. We can conclude that the financial crisis has affected in the increased use of short-term debt instruments. However it was not a very significant impact, because the longterm instruments were mostly used to cover the financial needs of public sector in the EMU.
Fig. 5. Term structure of General Government debt in the EMU (original maturity)
Source: own elaboration based on Eurostat data.
The original maturity of the debt should be compared with the residual maturity. It can be helpful in the assessment of the level of refinancing risk. The term structure (by the residual maturity) of public debt in the EMU is shown in Figure 6 . The share of short-term instruments (according to the residual maturity) showed in Figure 6 is slightly higher than the one illustrated in Figure 5 (according to the original maturity). This is due to the fact that long-term instruments, which are to be redeemed in less than a year are treated to be short-term in this case. The term structure of public debt, according the residual maturity, indicate that more than 25% of the public debt occurred short-term in 2010 (and the volume of that debt was more than 20% of GDP in EMU). It means, that a significant part of the debt must be paid back in a less than one year. As financial means for those payments are gained from the "new" public borrowing, that situation negatively affect the level of the refinancing risk.
The similar situation appeared in the EMU member states. However the differences between particular countries were significant. The share of short-term instruments in the total volume of public debt (according to original vs. residual time to maturity) of three chosen EMU member states in the light of the average for the whole EMU was shown in Table 1 . Table 1 contains the data for the whole EMU (an average, estimated by European Central Bank), Greece, Estonia and Portugal. All these three countries are in a completely different economic situation (see Figure 1) . It is very interesting that the share of short-term instruments in the structure of public debt in the most heavily indebted country as well in least indebted state among the euro zone was similarly low. This can be interpreted as the result of deliberate policy of public debt management, which allowed the use of short-term debt instruments to a small extent. That actions enabled a reduction of the level of refinancing risk. The situation of Portugal is completely different. This country, due to a significant share of short-term securities in the total volume of its public debt, faced a problem of a high level of the refinancing risk.
The volume of short-term public debt in the EMU
The reduction of short-term liabilities is particularly important in countries characterized by very high values of public debt (e.g. in Greece or Italy). Diminishing the scale of the issue of short-term debt instruments should be assessed positively as it allows the extension of debt repayments over a longer period. The volumes of the short-term public debt instruments (according to the residual maturity) in the EMU member states (as a percentage of their GDP's) are illustrated in Table 2 . Excessively high volumes of short-term public debt instruments in some countries listed in Table 2 can cause problems with liquidity and solvency of their budgets. Paradoxically, a country characterized by a lower value of debt in relation to its GDP may have greater problems with maintaining an adequate level of liquidity and significantly higher level of refinancing risk than a country with a much higher ratio of debt to GDP. Some countries (i.e. Portugal, Italy, France, Belgium and Germany) have to pay more attention to the term structure of public debt. These countries have to repay short-term liabilities (maturing within one year or less)
in amounts equal to 20 percent (or even more) of their annual GDP. Furthermore, the rapid growth of these liabilities in the last few years -in Portugal, France and Germany -may cause solvency problems of these countries, especially, that all of them do not meet the Maastricht fiscal criterion for public sector debt.
Conclusions
The results of the research show that the term structure of public debt in the EMU has changed during the last few years. It was partly affected by the crisis: government demand for funds has been largely met through the short-term public borrowing. Since the beginning of changes on the markets caused by the crisis, the volume of short-term public liabilities in the EMU countries increased significantly, as well as the value of "debt to GDP" ratio. This could contribute to the overall increase in the level of refinancing risk. On the other hand, the average time to maturity of public debt in the EMU has increased during the last year, which is a positive tendency.
The changes in the refinancing risk level have differed between examined countries. Some highly indebted countries, regardless to their serious economic problems, have used the shortterm borrowing to a small extent, and in this way they tried to diminish the refinancing risk (e.g. Greece). Other indebted countries, however, (e.g. Portugal) have to pay more attention for the term structure of their debt. High share of short-term instruments in the structure of public debt in those EMU member states increases the level of the refinancing risk and can cause problems with liquidity and solvency of their budgets. 
